Leprosy is a human communicable, disabling disease produced by Mycobacterium leprae. Among tropical diseases, leprosy is an important cause of permanent physical disabilities. Adults with multibacillary (MB) leprosy are considered to be the main transmitters of the disease. Early diagnosis and treatment prior to the onset of neural damage is the most effective way to prevent disability. Leprosy-induced disabilities are generally the cause of stigma and discrimination in patients (Zulueta 1994) .
Over the last two decades, there has been a dramatic reduction in leprosy cases worldwide and all but a few countries have reached the elimination goal established by the World Health Organization (WHO) of < 1 case/10,000 inhabitants. Nevertheless, approximately 250,000 new cases are detected annually (Zulueta 1994 , WHO 2005 . Analysis of incidence and prevalence data shows that despite the identification of new leprosy cases and their inclusion in adequate treatment schemes, transmission still occurs. This finding suggests that contacts with initial lesions or preclinical signs, or leprosy cases not diagnosed opportunely, should also be considered when formulating efforts to reduce transmission (Meima et al. 2004) .
Venezuela reached the goal established by the WHO in 1997 to eliminate leprosy as a public health problem (WHO 2000) . The detection rate in Venezuela has been decreasing from 16.7/10,000 inhabitants in 1959 to 0.22 in 2010 (Zulueta 1994 , WHO 2005 , MPPE/IPASME 2010 , MSDS 2010 . By 2010, the national prevalence rate had been reduced to 0.34/10,000 inhabitants. Nevertheless, leprosy prevalence rates in the states of Portuguesa, Cojedes and Apure are still higher than those set by the WHO elimination goal (Fig. 1) . New cases in these states are predominantly of the MB forms, they are more frequent in males as they age and they are more common in rural areas and disorganised urban areas.
The Institute of Biomedicine has emphasised its leprosy control efforts by maintaining effective surveillance activities in the states where there is still a high incidence. These activities have included the serological evaluation of Mamaría Village, Portuguesa, during the last three years. As reported here, recombinant proteins ML0405, ML2331 and LID-1 can be used for serodiagnosis of leprosy, especially in MB cases (Reece et al. 2006 , Duthie et al. 2007 , 2008 .
PATIENTS, MATERIALS AND METHODS
The area under investigation was Mamaría Village, located at the municipality of Ospino, Aparición Parrish of the state of Portuguesa, Venezuela (Fig. 2) . Although it is a dispersed community with an estimated population of 664 inhabitants from 1998-2004, this area is satisfactorily monitored by health authorities. The number of persons examined corresponded to 85% of the population, which currently remains at nearly 770 inhabitants (Table I) .
Patients -Most of the cases diagnosed since 1999 were treated with multidrug therapy (MDT) according to the WHO guidelines, which classifies MB and paucibacillary (PB) cases based on the bacillary load of patients, the number of lesions and the nerves involved. MDT for both adults and children included three anti-mycobacterial drugs: dapsone, rifampicin and clofazimine. The treatment periods were six months for PB patients and 12-24 months for MB patients (Rada et al. 1999) .
Antigen-specific serum IgG responses -After obtaining informed consent, 47 individuals were selected for the serologic study. The blood was collected, processed on site and kept at 4ºC until the serum was frozen at -20ºC. Sera were collected from 18 PB patients [9 male (M) and 9 female (F)] and 15 MB patients (13 M and 2 F). All of the recruited patients were adults with a mean age of 44.49 ± 0.40 years. The group of 14 family contacts consisted of six M and eight F and their mean age was 41.57 ± 19 years.
Serum antibodies to recombinant antigens were determined as described previously (Rada et al. 1999 , Duthie et al. 2007 , 2008 . Anti-recombinant protein detection ELISA was conducted by coating 96-well microtitre plates (Polysorp ® , Nunc, Rochester, NY) with 1 µg/ mL of protein in bicarbonate buffer overnight at 4ºC. We used three recombinant proteins expressed in and purified from Escherichia coli. ML0405 is a conserved 394 aa protein with a 25.3 kDa size, ML2331 is a secreted protein with a 26.5 kDa size and Leprosy Infectious Disease Research Institute Diagnostic-1 (LID-1) is a fusion protein that incorporates certain segments of the previous proteins. The plates were then blocked for 1 h at room temperature (RT) with phosphate-buffered saline (PBS)/ Tween containing 1% bovine serum albumin (BSA) on a plate shaker. Serum was added at a 1:200 dilution in 1% BSA to each well and the plates were incubated at RT for 2 h with shaking. The plates were washed with PBS/ Tween containing 0.1% 4x and 2x PBS. Horseradish peroxidase-conjugated anti-human IgG (Fc specific, Sigma, St Louis, MO, USA) was then diluted 1:2500 in PBS/ Tween 0.05% containing 0.1% BSA, added to each well and incubated at RT for 1 h with shaking. After washing, the o-phenylenediamine dihydrochloride (Sigma) enzyme substrate (H 2 O 2, Merck) was added to the plates and incubated at RT for 10 min in the dark. The reaction was stopped by adding 25 µL of 1 N H 2 SO 4 . The optical density (OD) of each well was obtained using a microplate reader at 492 nm. The cut-off value was calculated by summing the average OD reading obtained for 179 negative control sera (from individuals with no history of leprosy inhabiting the same hyperendemic area) and then adding four times the standard deviation. An OD value of greater than 0.2 was considered positive.
RESULTS
Between 1998-2004, 89 leprosy cases were registered in the Mamaría Village population and 15 additional cases were registered by 2011 (Table II) . Of these cases, 61.8% were males and 76.4% were bacteriologically negative such that PB was the predominant clinical form. In total, 20.2% of the cases were under 15 years old.
We evaluated the serological responses of this population from 2008 until 2011. During these three years, Of the 15 MB leprosy patients, sera from only two recently diagnosed patients demonstrated positive IgG values towards the mycobacterial proteins and these responses gradually decreased during the treatment period (C53 and C54 in Fig. 3 ). These patients were 39 and 47 years old respectively. They were diagnosed at the end of 1999 and were released from treatment in 2002. Another individual who initially belonged to the group of contacts (C99), but was later classified as lepromatous leprosy (LL) patient showed high antibody titres against LID-1 prior to the development of clinical signs. This MB patient was a young (< 16 years old) family contact and was diagnosed with the LL form in 2010. This individual is currently receiving MDT and his antibodies responses remain high (C99 in Fig. 3 ). This patient has not completed treatment even though he is now bacteriologically negative.
Of the 18 PB cases assayed, positive antibody levels towards the recombinant proteins were detected in only one individual (C104 in Fig. 3 ) and the other 17 sera from cured PB patients were negative. Antibody values were always lower in true tuberculoid (TT) patients than in LL patients, and TT patients always showed a faster decrease in antibody levels following treatment compared with LL patients.
DISCUSSION
Early diagnosis is extremely important for the control of leprosy. It has therefore become increasingly important to identify specific molecular markers that enable an early diagnosis, which results in timely treatment that can potentially interrupt transmission. Although the WHO's goal of elimination was reached in Venezuela 15 years ago (MPPE/IPASME 2010, MSDS 2010), hyperendemic communities remain in the country (Aranzazu et al. 2012) . To discover the reason for the continued high prevalence in communities such as Mamaría, it would be useful to identify the actual prevalence in these areas. One of the methods used for prevalence estimation is epidemiological surveillance in addition to annual observations in these areas. Although this approach has allowed us to conduct thorough monitoring of Mamaría, new cases of leprosy are still detected within this population.
In this study, we have identified new leprosy cases within hyperendemic areas in the central plains of Venezuela using recombinant mycobacterial proteins ML0405, ML2331 and LID-1 and we have effectively initiated MDT in these patients. We made similar observations in other geographic areas, such as Santa Cruz, Bolivia (data not shown). This test can easily be performed by the community nurse, which permits an early diagnosis for patients with corresponding benefits. Analysis of the antigen-specific antibody responses of leprosy patients in Mamaría confirmed a differential antibody response between MB and PB patients and similar results have been found in other Venezuelan communities (Duthie et al. 2011 , Aranzazu et al. 2012 . The antibody response was elevated in MB patients, which correlated with increased bacterial loads. These results correspond with previous results from other investigations, where these recombinant antigens have been useful as diagnostic markers of leprosy (Reece et al. 2006 , Duthie et al. 2007 , 2008 .
Because of the incomplete development of their immune system and their close contact with family members, children living in leprosy-endemic areas are at a higher risk of developing the disease than adults (Grover et al. 2005 , Lana et al. 2007 , di Martino Ortiz et al. 2011 . During the last 11 years, 599 leprosy cases have been reported in children younger than 14 years old living in Venezuela (mean age of 11 years) and Portuguesa has reported the highest number of these incidences (MSDS 2010) . Within Mamaría, nearly one quarter of cases occurred in people under 20 years of age. We have been able to detect leprosy cases within adults and children using the ML0405, ML2331 and LID-1 proteins, including cases in which we have detected high IgG levels (data not shown). The frequency of leprosy in children is an indicator of the prevalence of the disease in the general population and its detection helps to reveal the natural history of the disease, its incubation period and the source.
The results obtained in previous studies of leprosy patients have demonstrated a strong decrease in IgG levels against various mycobacterial proteins (Mt 70 kDa, Mb 65 kDa, Ml 10 kDa and complete M. leprae proteins) following treatment for the disease. Following MDT, IgG antibody responses decreased much faster in PB patients (1 year) than in MB patients (2 years). However, most of these proteins were not specific markers and some of the heat shock proteins presented cross reactivity with their human homologs, as well as in contacts who had previously been sensitised towards M. leprae (Launois et al. 1994 , Rada et al. 1999 . Hyperendemic areas were kept under permanent surveillance and 63 new cases were detected in 2009 through active house-to-house searches for case activities. Similar trends were also observed in other communities (Aranzazu et al. 2012) . In this study, we identified new leprosy cases within hyper-endemic areas in the central plains of Venezuela using ELISA with recombinant mycobacterial proteins ML0405, ML2331 and LID-1. This easily conducted test permits an early diagnosis, with the added benefit of prompt MDT initiation (Duthie et al. 2011) . To fully contribute to the antileprosy campaign, it is important to understand the actual leprosy situation in Venezuela. The active search for leprosy patients using an immunological tool will result in the early diagnosis of leprosy cases and will hopefully decrease the incidence in hyperendemic areas, which have remained relatively stable.
In conclusion, new leprosy cases were detected in a hyper-endemic region using the recombinant mycobacterial proteins ML0405, ML2331 and LID-1. The results indicate that the LID-1 antigen can be used as an immunological tool for the diagnosis of leprosy. Our data also indicate that antibody levels decrease after MDT and thus that the LID-1 protein can be used as an indicator of successful treatment.
